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DeﬁciencyofbothQiandYinSyndrome(DQYS)isoneofthecommonsyndromesintraditionalChinesemedicine(TCM),mainly
characterized by tiredness, emaciation, anorexia, ﬁdget, palpitation and rapid pulse, and so forth. Currently, there is no available
animal model which can reﬂect the clinical features of this syndrome. In the present paper, we observed the time-course changes
of whole behavior, body weight, food intake, locomotive activity and electrocardiogram in mice exposed to chronic intermittent
hypoxia for 6 weeks, and measured bleeding time at last according to the clinical features of DQYS and one key pathological
factor. The results showed that the mice exposed to intermittent hypoxia for certain time presented lackluster hair, dull looking
hair, resistance, attacking, body weight loss, food intake decline, locomotive activity decrease, heart rate quickening and T wave
elevating, which were similar to the major clinical features of DQYS. Meanwhile, bleeding time shortening was also found, which
was consistent with the clinical fact that DQYS often accompanied with blood stasis. The possible explanation was also outlined
according to the available literature. Such ﬁndings suggested chronic intermittent hypoxia could induce similar symptoms and
signs in mice accorded with the clinical features of DQYS, which provided a suitable animal model for evaluation of drugs for the
treatment of this syndrome and further exploration of pathological process or correlation of the syndrome and related diseases.
1.Introduction
Traditional Chinese medicine (TCM) is one part of alter-
native medicine which has unique theoretic system, and
has been demonstrated to be eﬀective in the prevention
and treatment of various diseases by its long history of
practical clinical experience [1]. In the basic studies, animal
models were often used to evaluateeﬃcacy ofChinese drugs;
however, those animal models aiming primarily at diseases
only could not exactly reﬂect the characteristic of syndrome
in TCM, due to the diﬀerences between theoretic systems of
TCM and modern medicine.
Combination of diﬀerentiation syndrome and disease is
the main therapeutic mode and feature of TCM [2]. Before
modern medicine was introduced to China, practitioners
of TCM diagnosed and treated diseases by symptoms and
signs through inspection, listening and smelling, inquiring
and palpation for thousands of years. Even today, despite
modern methods of diagnosis develop rapidly, the methods
mentioned above still play important role in the clinical
practice of TCM. Studies have demonstrated that clini-
cal ﬁndings obtained through conventional macroscopical
methods often closely correlated with those from micro-
scopical methods of modern medicine [3]. Therefore, we
think that the ﬁrst and most important step for constructing
the animal model of syndromes of TCM is to reproduce
the major symptoms and signs of syndromes based on
possible common pathological factor of syndromes and
related diseases.
DQYS is one of the common syndromes in TCM,
characterized by tiredness, emaciation, anorexia, ﬁdget,
palpitation and rapid pulse, and so forth, which is often
seen in the course of diseases such as cancer, cardiovascular
diseases, respiratory diseases and chronic kidney diseases [4,
5]. Though a bunch of animal models have been established
to simulate syndrome of traditional Chinese medicine, such
as deﬁciency of Qi, deﬁciency of yin, blood stasis syndrome,
and so forth, developed recently [6–8], and some scholars
tried to construct DQYS animal model through deprivation
the rats of rapid eye movement (REM) sleep for 96h [9].2 Evidence-Based Complementary and Alternative Medicine
Till now, the suitable animal model accorded with the major
clinical symptoms and signs of DQYS are still lacking.
It has been reported that oxidative stress is an important
pathophysiologic process in the above-mentioned diseases
related to DQYS [10–14]. Meanwhile, hypoxia often exists in
these diseases and can deﬁnitely induce oxidative stress [15].
Studies have shown that mice exposed to chronic hypoxia
showed the manifestations of body weight loss, food intake
declineandsicknessbehavior[12,16,17],which weresimilar
to some clinical features of DQYS; we then presumed that
hypoxia might also be a key factor of this TCM syndrome.
Therefore, in the present paper, we tried to verify whether
mice exposed to chronic intermittent hypoxia can mimic
main clinical symptoms and signs of DQYS.
2.Methods
2.1. Animals and Intermittent Hypoxia Treatment. Twenty
speciﬁc pathogen-free ICR mice weighting 18–22g were
randomized into two groups: control group (n = 10) and
model group (n = 10). Mice were housed in individual
cages supplied with 15g food per mouse daily. The animal
handling procedures were in compliance with the China
National Institutes of Healthy Guidelines for the Care and
Use of Laboratory Animals and were approved by local
committee review. The method of intermittent hypoxic was
modiﬁedfromacutehypoxia[18].Inbrief,miceofthemodel
group were placed into 200mL of wide-mouthed bottle with
15g soda lime for 20 min from 8 AM everyday. The oxygen
concentration of the hypoxic chamber was measured by an
oxygen meter (XT-668, China) at 1-min intervals and the
mean oxygen concentration is 21.04% at min 1 and 6.83% at
min 20. This 20-min cycle was repeated for 42 days. During
the remaining time, the animals were maintained in normal
environment.
2.2.Body Weight and FoodIntake Measurement. Body weight
and food intake of each mouse were monitored on days 1, 7,
14,21, 28, 35and 42after exposure tohypoxia at 9:00 AMon
a top-loading balance accurate to ±0.1g.
2.3. Open-Field Test. The open-ﬁeld test was performed on
days 1, 7, 14, 21, 28, 35, and 42 according to the reported
method [19]. The open ﬁeld consisted of a circular arena
(40cm diameter, 38cm high) with 19 quadrants drawn by
concentriccirclesandlines.Animalswereplacedindividually
at the center of the arena and allowed to freely explore the
new environment. The total ambulation and times of rearing
were counted for 2 min.
2.4. Electrocardiogram Observation. Electrocardiogram was
recorded on days 1, 14, 28 and 42 at 10 AM after intraperi-
toneal injection of 4% chloral hydrate (0.1mL per 10g).
Heart rate and changes of T wave were calculated [20].
2.5. Bleeding Time Test. The tail transection bleeding time
was determined according to the method of Dejana et al.
[21]. At 9 AM on day 43 of experiment, the mouse tail
was transected at 5 mm from the tip and then immediately
immersed into warmed (37◦C) saline. The bleeding time was
recorded as latency from the tail transection to the moment
the blood ﬂow stopped for >60s.
2.6. Statistical Analysis. The experimental results were
expressed asthemean ±SEM.RepeatedmeasuresofANOVA
was carried out to test the statistical signiﬁcance of body
weight, food intake, open-ﬁeld test and electrocardiogram
results. Student’s t-test was used to determine the diﬀerence
of bleeding time and body weight, food intake, open-ﬁeld
test and electrocardiogram results at diﬀerent observation
points. All the analyses were conducted using the Statistical
P a c k a g ef o rt h eS o c i a lS c i e n ces (SPSS) 13.0 for Windows
(SPSS, Chicago, IL, USA). Diﬀerences were considered
signiﬁcant if the probability of error was <5%.
3.Results
3.1. Body Weight and Food Intake in Mice Exposed to
Chronic Intermittent Hypoxia. As shown in Figure 1(a),t h e
body weight of the control group kept gaining during the
experimentfrom21.6 ±0.3gto31.5±0.3g,whilethatofthe
model group gained slowly at early time, reached peak (26.0
± 0.5 g) on day 21 and began to decrease signiﬁcantly after
being exposed to chronic intermittent hypoxia. On the other
hand, the body weight and food intake basically altered in
parallel. The food intakeof the control group keptincreasing
gradually during the experiment from 4.3 ± 0.1g to 5.6 ±
0.2 g, while that of the model group decreased remarkably
from day 7 (3.3 ± 0.2 g) and maintained at the low level
throughout the experiment (Figure 1(b)). Furthermore, all
the mice of the model group manifest lackluster hair, dull
looking hair, resistance, attacking, urinary frequency, and so
forth.
3.2.Open-Field Behaviorin MiceExposedtoChronic Intermit-
tent Hypoxia. The results in Figure 2 showed that the rearing
and ambulation counts of the control group maintain at a
steady level (90.3 ± 7.7 versus92.5 ± 8.2 and 6.2 ± 0.6 versus
5.9 ± 0.5, ondays1 and 42 ofexperiment, resp.). The rearing
counts of the model group increased signiﬁcantly from days
7 to 42, while their ambulation counts declined markedly on
day 7 and reached the lowest peak on day 21, but increased
sharply to 114.0 ± 5.8 on day 42 after exposure to chronic
intermittent hypoxia.
3.3. Electrocardiogram in Mice Exposed to Chronic Intermit-
tent Hypoxia. As shown in Figure 3(a), the heart rate of
the control group maintained at a steady level throughout
the experiment, while that of the model group increased
from day 14, peaked on day 28, and then declined slightly
on day 35 after exposure to chronic intermittent hypoxia.
Meanwhile, the T wave of the model group increased grad-
ually, and the elevation on days 28 and 42 was statistically
signiﬁcant from that on day 1, respectively (Figure 3(b)).
During the experiment, six mice in the model group devel-
oped arrhythmia including premature beat and paroxysmalEvidence-Based Complementary and Alternative Medicine 3
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Figure 1: The time-course changes of body weight (a) and food intake (b) in mice exposed to intermittent hypoxia. Each value represents
the mean ± SEM of 10 mice. Signiﬁcance was evaluated with the t-test and repeated measures ANOVA. ∗P < .05, ∗∗P < .01, compared with
the control group.
tachycardia, and their typical electrocardiogram were shown
in Figure 4.
3.4. The Change of Bleeding Time in Mice Exposed to
Chronic Intermittent Hypoxia. The results showed that the
bleeding time of the model group decreased signiﬁcantly
after exposure to intermittent hypoxia for 42 days (Figure 5),
compared to the control group (8.2 ± 3.3 min versus 13.5 ±
4.8 min).
4.Discussion
The whole manifestations of animal model should reﬂect
the clinical features, which is the most important factor
in constructing the animal model and is the qualiﬁcation
of further research. In the present paper, we observed the
time-course changes of several whole manifestations in mice
exposed to chronic intermittent hypoxia, according to the
major symptoms and signs of DQYS and one common
pathological factor of this syndrome and its related diseases.
The results showed that mice exposed to intermittent
hypoxia for certain time could simulate the symptoms and
signs similar to the clinical features of this syndrome.
Firstly, we found that food intake of mice dropped
signiﬁcantly from day 7 and maintained at the low level,
and the body weight of the model group gained slowly at
early time, and decreased signiﬁcantly after being exposed
to intermittent hypoxia for 28 days (Figures 1(a) and 1(b)),
which were similar to emaciation and anorexia in the clinical
features of DQYS. Other studies also showed declination of
body weight and food intake in mice exposed to chronic
intermittent hypoxia [12, 16], which were consistent with
our results.
Secondly, in the open-ﬁeld test, we observed that the
ambulation counts of the model group declined signiﬁcantly
at the early stage and then increased sharply at the late
stage of the experiment (Figure 2(a)), while the rearing
counts of the model group increased signiﬁcantly from day 7
(Figure 2(b)), and counts of preening, defecation, urination,
grooming and sniﬃng also enhanced (data not shown). The
trend of ambulation counts was diﬀerent from other study
[17], which might be due to the diﬀerent methods and
observation points. It seemed that our ﬁndings were more
similar to tiredness and ﬁdget in the clinical symptoms of
DQYS.
Furthermore, we also recorded electrocardiograms of
mice every 2 weeks, considering that palpitation and rapid
pulse were often seen in the clinical features of DQYS. Heart
rate ofthe modelgroup micewas foundtoincrease gradually
from day 14, peaked at day 28, and T wave elevation was
signiﬁcant from day 28 after intermittent hypoxia treatment.
Such diﬀerence observed by self-comparison could exclude
the bias of individual variability. Meanwhile, six mice in
the model group developed some types of arrhythmia
such as frequent premature beat, paroxysmal tachycardia,
which were similar to palpitation and rapid pulse in the
syndrome. Such results suggested that the manifestations
of mice exposed to chronic hypoxia from days 14 to
35 were almost consistent with the clinical features of
DQYS.
Finally, the shortened bleeding time indicating hyperco-
agulation status in the model group was found at the end of
hypoxia treatment for 42 days, which not only accorded with
the fact that blood stasis often existed in this syndrome but
also accorded with the recent report that hypercoagulability
connected with some related diseases [22–26].4 Evidence-Based Complementary and Alternative Medicine
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Figure 2: The time-course changes of ambulation (a) and rearing
(b) counts in mice exposed to intermittent hypoxia. Each value
represents the mean ± SEM of 10 mice. Signiﬁcance was evaluated
with the t-test and repeated measures ANOVA. ∗P < .05, ∗∗P < .01,
compared with the control group.
On the other hand, many complex prescriptions are
designed for some certain syndrome. As one of the typical
complex prescriptions of DQYS, Shengmai-san (SMS) has
beeneﬀectivelyusedinthe treatment ofmany diseases which
are related to DQYS [27–29]. Our preliminary test showed
that SMS could signiﬁcantly improve the main signs such
as body weight, food intake, T wave of electrocardiogram,
and so forth, in mice exposed to chronic intermittent
hypoxia, especially after being given orally for the ﬁrst four
weeks. Such results also provided some evidence about the
relationship of this mouse model to DQYS.
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Figure 3: The time-course changes of heart rate (a), and T wave
(b) in mice exposed to chronic intermittent hypoxia. Each value
represents the mean ± SEM. Signiﬁcance was evaluated with one-
way repeated measures of ANOVA. ∗P < .05, ∗∗P < .01, compared
with the self-control group.
Meanwhile, according to the theory of TCM, when some
exterior signs appear, there must be some related interior
changes. Our present data showed that mice exposed to
chronic intermittent hypoxia displayed the similar signs to
DQYS, which indicated some corresponding pathological
changes associated with such exterior signs and could give
some possible explanations for the formation of DQYS.
Actually, many scholars have done plenty of work to explore
the inﬂuence of hypoxia on physiological and biochemi-
cal regulatory systems. Although hypoxia induced variable
results under diﬀerent experimental conditions and withEvidence-Based Complementary and Alternative Medicine 5
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Figure 4: Normal electrocardiogram (a), premature beat (b), and T wave elevation (c) during experiment (1, 2, 3 and 4 were recorded on
days 1, 14, 28 and 42 of experiment, resp.).
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Figure 5: Change of bleeding time on Day 43 in mice exposed to
chronic intermittent hypoxia. Each value represents the mean ±
SEM of 10 mice. Signiﬁcance was evaluated with one-way repeated
measures of ANOVA. ∗∗P < .01, compared with the control group.
diverse animal species, some common pathological changes
exist. It has been recorded that hypoxia could directly aﬀect
theoutputofthecircadian pacemakerinthesuprachiasmatic
nucleus (SCN) or inﬂuence the response of the SCN to
zeitgebers, which resulted in the disturbance of circadian
rhythms [30–32]. Both sympathetic and parasympathetic
nervous activity might have important roles in acclimati-
zation to hypoxia. Disruptions of circadian rhythms often
induced the changes of locomotive activity and abnormal
cardiogram [33]. Injury to myocardium may be mediated by
the generation of reactive oxygen species (ROS), and oxygen
activated the transcription factor early growth response-1
(Egr-1) leads to de novo transcription/translation of tissue
factor in mononuclear phagocytes and smooth muscle
cells, which eventuates in vascular ﬁbrin deposition. The
procoagulant response is magniﬁed by concomitant sup-
pression of ﬁbrinolysis by hypoxia-mediated upregulation
of plasminogen activator inhibitor-1 [34]. Hypoxia also
induced hypoxia-inducible factor 1 (HIF-1) expression so as
to enhance the leptin secretion; leptin regulates food intake
and energy expenditure and results in body weight loss [35–
40]. Taken together, the series of events provided a possible
context between the pathological mechanism of oxygen
scarcityandthemain clinicalsigns ofDQYS,andweoutlined
the hypothetical diagram about our study and further
e x p l o r a t i o ni nF i g u r e6 according to the relative literature.
Although the current study had not clearly explained the
mechanism of hypoxia and the relationship between DQYS
and hypoxia, it at least provided some information and
constructions for our hypothesis and the further study.
In conclusion, our ﬁndings suggested that chronic inter-
mittent hypoxia could induce similar symptoms and signs
accorded with the clinical features of DQYS in mice, and
simulate the pathogenesis characteristic from deﬁciency to
blood stasis. These results would be helpful to establish a
suitable animal model for reasonably evaluating Chinese
prescriptions for the treatment of this syndrome, exploring
pathological mechanism of the syndrome, clarifying the
relationships between the syndrome and related diseases and
facilitating the communication between TCM and modern
medicine. Further investigations are underway to clarify
the precise pathogenesis why chronic intermittent hypoxia
induced these results.6 Evidence-Based Complementary and Alternative Medicine
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Figure 6: The probable mechanism attributed to the manifestations of mice exposed to intermittent hypoxia. HIF-1: hypoxia inducible
factor-1; EGR-1: early growth response-1; PAI-1: plasminogen activator inhibitor-1; SCN: suprachiasmatic nucleus; ROS: reactive oxidative
species.
Funding
National Nature Science Fund (30772792).
Acknowledgment
The authors thank Yuping Zhang for her great assistance in
handling the experiment, and Dr Zhihong Lin from Unilever
Research China for his constructive advice in revising the
paper.
References
[ 1 ]D .M .E i s e n b e r g ,R .C .K e s s l e r ,C .F o s t e r ,F .E .N o r l o c k ,D .
R. Calkins, and T. L. Delbanco, “Unconventional medicine in
the United States—prevalence, costs, and patterns of use,” The
New England Journal of Medicine, vol. 328, no. 4, pp. 246–252,
1993.
[2] Z. Y. Shen, “Micro diﬀerentiation of Syndromes and micro-
scopic veriﬁcation of procedure in diﬀerentiation,” Journal of
Traditional Chinese Medicine, vol. 31, pp. 55–57, 1986.
[3] K. J. Chen, “Utilizing modern science and technology to
promoting the combination of disease and syndrome,” The
Journal of Medical Research, vol. 35, pp. 1–2, 2006.
[ 4 ]T .T .D e n g ,Syndrome Standardization in Traditional Chinese
Medicine, vol. 12, Guandong Science & Technology Press,
Guangzhou, China, 1990.
[5] N. L. Yao, Diﬀerential Diagnosis in Syndrome of Traditional
ChineseMedicine,vol.196,People’sMedicalPublishingHouse,
Beijing, China, 2002.
[6] X. Y. Chen, Practical Model in Traditional Chinese Medicine,
Peking Medical University and Peking Union Medical College
United Press, Beijing, China, 1993.
[ 7 ]H .H .Q u ,Y .Z h a o ,R .B .Q ue ta l . ,“ S t u d yo nt h ep r o p e r t yo f
TCM syndrome of spontaneous hypertension rats,” Journal of
Traditional Chinese Medicine, vol. 49, pp. 447–449, 2008.
[ 8 ]Q .F u ,Y .F a n ,J .H .W a n g ,H .J .Z h a n g ,S .P .M e n g ,a n dX .Y .
Chen, “Establishment and evaluation of animal model with
immune thrombocytopenic purpura integrated syndrome in
TCM,” ChineseJournal of Basic Medicinein Traditional Chinese
Medicine, vol. 10, pp. 30–32, 2004.
[ 9 ]C .Z h a n g ,X .S .S h e n g ,R .L v ,K .C h e n g ,X .M .Z h u ,a n dH .
C. Wei, “Standardization of Chinese medical syndromes of
myocardial ischemia in rats: part two,” Shanghai Journal of
Traditional Chinese Medicine, vol. 37, pp. 42–45, 2003.
[10] W. Domej, Z. F¨ oldes-Papp, E. Fl¨ ogel, and B. Haditsch,
“Chronic obstructive pulmonary disease and oxidative stress,”
Current Pharmaceutical Biotechnology, vol. 7, no. 2, pp. 117–
123, 2006.
[11] P. Kirkham and I. Rahman, “Oxidative stress in asthma and
COPD: antioxidants as a therapeutic strategy,” Pharmacology
and Therapeutics, vol. 111, no. 2, pp. 476–494, 2006.
[12] V. Savransky, A. Nanayakkara, J. Li et al., “Chronic inter-
mittent hypoxia induces atherosclerosis,” American Journal of
Respiratory and Critical Care Medicine, vol. 175, no. 12, pp.
1290–1297, 2007.
[ 1 3 ] R .F e r r a r i ,G .G u a r d i g l i ,D .M e l e ,G .F .P e r c o c o ,C .C e c o n i ,a n d
S. Curello, “Oxidative stress during myocardial ischaemia and
heart failure,” Current Pharmaceutical Design, vol. 10, no. 14,
pp. 1699–1711, 2004.
[14] C. J. Martin and C. M. Goeddeke-Merickel, “Oxidative stress
inchronickidneydisease,”Nephrology Nursing Journal,vol.32,
no. 6, pp. 683–685, 2005.
[15] N. R. Prabhakar and G. K. Kumar, “Oxidative stress in
the systemic and cellular responses to intermittent hypoxia,”
Biological Chemistry, vol. 385, no. 3-4, pp. 217–221, 2004.Evidence-Based Complementary and Alternative Medicine 7
[16] W. Kozak, S. Wrotek, and K. Walentynowicz, “Hypoxia-
induced sickness behaviour,” Journal of Physiology and Phar-
macology, vol. 57, supplement 8, pp. 35–50, 2006.
[ 1 7 ]M .A .M i k a t i ,M .P .Z e i n i e h ,R .M .K u r d ie ta l . ,“ L o n g -
term eﬀects of acute and of chronic hypoxia on behavior
and on hippocampal histology in the developing brain,”
Developmental Brain Research, vol. 157, no. 1, pp. 98–102,
2005.
[18] Q. Chen, Methodology of Herbal Pharmacology, vol. 781,
People’s Medical Publishing House, Beijing, China, 1993.
[19] F. Huang, Y. Xiong, L. Xu, S. Ma, and C. Dou, “Sedative
and hypnotic activities of the ethanol fraction from Fructus
Schisandrae in mice and rats,” Journal of Ethnopharmacology,
vol. 110, no. 3, pp. 471–475, 2007.
[ 2 0 ]Y .G u a n ,J .L i ,W .J .Z h u ,L .S u n ,a n dY .M .F u ,“ R e t i n e r v u s
luﬀae fructus protects against the myocardial ischemic injury
in mice,” Chinese Journal of Pathology and Physiology,v o l .2 2 ,
pp. 68–71, 2006.
[21] E. Dejana, A. Callioni, A. Quintana, and G. De Gaetano,
“Bleeding time in laboratory animals. II. A comparison of
diﬀerent assay conditions in rats,” Thrombosis Research,v o l .
15, no. 1-2, pp. 191–197, 1979.
[22] C. Boccaccio and E. Medico, “Cancer and blood coagulation,”
Cellular and Molecular Life Sciences, vol. 63, no. 9, pp. 1024–
1027, 2006.
[23] F. De Lorenzo, N. Saba, and V. V. Kakkar, “Blood coagulation
in patients with chronic heart failure: evidence for hypercoag-
ulable state and potential for pharmacological intervention,”
Drugs, vol. 63, no. 6, pp. 565–576, 2003.
[24] R .P olosa,R .R .C ac c iola,G .P r osp e rini,L.Sp ic u zza,J .B .M or -
jaria, and G. U. Di Maria, “Endothelial-coagulative activation
during chronic obstructive pulmonary disease exacerbations,”
Haematologica, vol. 93, pp. 1275–1276, 2008.
[25] M. J. Adams, A. B. Irish, G. F. Watts, R. Oostryck, and G.
K. Dogra, “Hypercoagulability in chronic kidney disease is
associated with coagulation activation but not endothelial
function,” Thrombosis Research, vol. 123, no. 2, pp. 374–380,
2008.
[26] G. J. Miller, H. A. Ireland, J. A. Cooper et al., “Relationship
between markers of activated coagulation, their correlation
with inﬂammation, and association with coronary heart
disease(NPHSII),”JournalofThrombosisandHaemostasis,vol.
6, pp. 259–267, 2008.
[ 2 7 ]Y . - C .Z h a n g ,R . - M .C h e n ,B . - J .L u ,a n dY . - Z .R o n g ,“ E ﬀect
of Shengmai injection on cardiac function and inﬂammatory
reaction in patients with Acute Coronary Syndrome,” Chinese
Journal of Integrative Medicine, vol. 14, no. 2, pp. 107–110,
2008.
[28] Z. Fang, H. Jiang, and L. Wang, “Therapeutic eﬀect of Sheng-
mai injection on respiratory function in chronic obstructive
pulmonary disease,” Chinese Journal of Integrated Traditional
and Western Medicine, vol. 18, no. 9, pp. 520–522, 1998.
[29] J. Chen, G. Wu, S. Li et al., “Shengmai (a traditional Chinese
herbal medicine) for heart failure,” Cochrane Database of
Systematic Reviews, no. 4, Article ID CD005052, 2007.
[30] A.-M. Park and Y. J. Suzuki, “Eﬀects of intermittent hypoxia
on oxidative stress-induced myocardial damage in mice,”
Journal of Applied Physiology, vol. 102, no. 5, pp. 1806–1814,
2007.
[31] F. J. Giordano, “Oxygen, oxidative stress, hypoxia, and heart
failure,” Journal of Clinical Investigation, vol. 115, no. 3, pp.
500–508, 2005.
[ 3 2 ]G .E .F o s t e r ,M .J .P o u l i n ,a n dP .J .H a n l y ,“ I n t e r m i t t e n t
hypoxia and vascular function: implications for obstructive
sleep apnoea,” Experimental Physiology, vol. 92, no. 1, pp. 51–
65, 2007.
[ 3 3 ]L .W a n g ,G .M u x i n ,H .N i s h i d a ,C .S h i r a k a w a ,S .S a t o ,a n d
T. Konishi, “Psychological stress-induced oxidative stress as
a model of sub-healthy condition and the eﬀect of TCM,”
Evidence-Based Complementary and Alternative Medicine,v o l .
4, no. 2, pp. 195–202, 2007.
[34] T. Kawaguchi, H. Tsubone, M. Hori, H. Ozaki, and M.
Kuwahara,“Cardiovascular and autonomicnervous functions
during acclimatization to hypoxia in conscious rats,” Auto-
nomic Neuroscience: Basic and Clinical, vol. 117, no. 2, pp. 97–
104, 2005.
[35] S.-F.Yan,N.Mackman,W.Kisiel,D.M.Stern,andD.J.Pinsky,
“Hypoxia/hypoxemia-induced activation of the procoagulant
pathways and the pathogenesis of ischemia-associated throm-
bosis,” Arteriosclerosis, Thrombosis, and Vascular Biology,v o l .
19, no. 9, pp. 2029–2035, 1999.
[36] J. M. Friedman and J. L. Halaas, “Leptin and the regulation
of body weight in mammals,” Nature, vol. 395, no. 6704, pp.
763–770, 1998.
[37] L. Qin, S. Wen, R. Jing et al., “The eﬀect of intermittent
hypoxia on bodyweight, serum glucose and cholesterol in
obesity mice,” P a k i s t a nJ o u r n a lo fB i o l o g i c a lS c i e n c e s , vol. 11,
no. 6, pp. 869–875, 2008.
[ 3 8 ]Y .Y a n g ,Y .D r o m a ,G .R i l i ,a n dK .K u b o ,“ R e g u l a t i o no fb o d y
weight by leptin, with special reference to hypoxia-induced
regulation,” Internal Medicine, vol. 45, no. 16, pp. 941–946,
2006.
[39] G. Ambrosini, A. K. Nath, M. Roc´ ıo Sierra-Honigmann, and
J. Flores-Riveros, “Transcriptional activation of the human
leptin gene in response to hypoxia. Involvement of hypoxia-
inducible factor 1,” J o u r n a lo fB i o l o g i c a lC h e m i s t r y , vol. 277,
no. 37, pp. 34601–34609, 2002.
[40] A. Grosfeld, J. Andr´ e ,S .H . - D .M o u z o n ,E .B e r r a ,J .
Pouyss´ egur, and M. Guerre-Millo, “Hypoxia-inducible factor
1 transactivates the human leptin gene promoter,” Journal of
Biological Chemistry, vol. 277, no. 45, pp. 42953–42957, 2002.